REMARKS 



Favorable reconsideration and allowance of the claims of the present 
application are respectfully requested. 

Applicants have amended claims 1, 2, 4, 6, 7, 9, 10, 12, 14, 17, 19-21, 26, 
30, 31, 34-36, 38-40, 45, 48, 49, and 55, and cancelled claims 37, 41-44, 46, 47, 51-54, 
58, and 59 without prejudice. Claims 78 and 79 were previously cancelled without 
prejudice. Furthermore, in response to the finality of the restriction requirement, claims 
62-69, 72-77, 80, and 81 have been withdrawn. Accordingly, claims 1-36, 40, 45, 48-50, 
55-57, 60, 61, 70, and 71 are currently under consideration. 

Claim 1 has been amended in several ways, as follows. Most 
significantly, the crystallization step (e) of claim 1 has been amended by fiirther 
specifying the arabinose content (purity) as more than 65% on DS (support is found, for 
example, at page 27, last paragraph of the application as filed); further specifying a 
galactose content of less than 5% on DS (support is found, for example, at page 25, lines 
1-4 of the application as filed, as well as claim 47 as originally filed); further specifying 
that crystallization is accomplished by boiling, seeding with seed crystals of arabinose, 
and continued boiling after seeding, to obtain a crystal yield of 1 to 60% on arabinose and 
a dry solids content of the crystal mass of over 60%, followed by cooling (support is 
found, for example, at page 25, last paragraph, and Example 15B of the application as 
filed); and fiarther specifying that the obtained crystalline arabinose has an arabinose 
content of more than 98% on DS (support is found, for example, at page 28, next to the 
last paragraph of the application as filed, as well as claim 54 as originally filed). Claim 1 
has also been amended by replacing the phrase "rich in" with the term "containing"; 
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removing the term "controlled" from step (a); incorporating the active tense (e.g., 
"hydrolyzing" in place of "hydrolysis"); and defining the expression "DS" as "dry 
substance content" in its first occurrence (see page 11, lines 1 1 and 12 from bottom of the 
application as filed). Similar amendments have been made to other claims. 

Different clarifying amendments have been made to other claims. For 
example, Applicants have clarified claims 35, 38, and 39 by replacing the phrase "said 
hydrolyzate" with "said clarified hydrolyzate", as recited in claim 1. 

No new matter has been added to the application. 

The Office Action objects to claims 34-38 and 70 for allegedly failing to 
fiiither limit the subject matter of the claim they depend from. As grounds for the 
rejection, the Office Action contends that the indicated claims fail to recite additional 
steps related to the recovery of arabinose (the purpose of the claimed method as stated in 
the preamble of claim 1). The Office Action cites 37 C.F.R. §1.75(c) for alleged support 
of these grounds. 

Nevertheless, Applicants disagree that the indicated claims are unrelated 
to the recited purpose of the independent claim (i.e., recovery of arabinose and optionally 
at least one other monosaccharide.) Contrary to the allegations of the Office Action, the 
objective is to purify the vegetable fiber to recover arabinose, and optionally at least one 
other monosaccharide. In particular, the rejected claims are directed to the processing of 
secondary fractions (i.e., optionally at least one other monosaccharide) produced during 
the claimed process for recovering arabinose. These secondary fractions are recited in 
claim 1. Thus, the indicated dependent claims fbrther limit the subject matter of claim 1. 
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Moreover, Applicants respectfiilly assert that the patent regulation 
provided under 37 C.F.R. § 1 .75(c) does not in any way stipulate that a dependent claim is 
improper for delineating process steps on byproduct or other compositions produced in 
the course of producing a primary recited composition of the independent claim. Instead, 
37 C.F.R. § 1.75(c) requires, simply, that a dependent claim must further limit the scope 
of a claim from which it depends. The indicated dependent claims adhere to 37 C.F.R. 
§ 1 .75(c) by describing methods for processing the secondary fractions i.e., towards 
producing at least one other monosaccharide recited in claim 1 . The indicated dependent 
claims, thus, ftirther limit the scope of the claim from which they depend. 

Accordingly, Applicants consider claims 34-38 and 70 to be proper 
dependent claims. Applicants, thus, respectfiilly request that the foregoing claim 
objections under 37 C.F.R. §1.75 be withdrawn. 

The Office Action also objects to claim 1 for use of hyphens in certain 
words. The Office Action also objects to claim 29 for reciting a zero ("0") instead of an 
"O". The Office Action also objects to claim 1 for reciting the abbreviation "DS" without 
providing a definition, at least in its first occurrence. Applicants have amended the 
claims in compliance with the foregoing objections. Accordingly, the indicated claims 
should no longer be subject to these objections. 

The Office Action rejects claims 1-61, 70, and 71 under 35 U.S.C. §112, 
second paragraph for alleged indefiniteness. In particular, the Office Action alleges that 
there is insufficient antecedent basis in claim 1 for tihe limitations "said aqueous 
hydrolyzate" in line 10, as well as "undissolved solids" in line 12. However, Applicants 
assert that proper antecedent basis has been established by prior recitation of these terms 
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in lines 6 and 9, respectively, of claim 1 . Accordingly, Applicants respectfully request 
that the foregoing 35 U.S.C. §112, second paragraph rejections be withdrawn. 

The Office Action also considers the following terms to be indefinite: 
"rich" in claims 1, 2, 4, 6, 7, and 9; "strongly" in claims 22, 23, 28, and 29; "controlled" 
in claim 1; and "weakly" in claims 24, 25, and 27. Responsive thereto, AppHcants have 
replaced the term "rich in", as found in the indicated claims, with the term "containing". 
AppUcants have also removed the term "controlled" fi"om claim 1. Regarding the terms 
"strongly" and "weakly", these terms, when recited as part of the phrase "strongly acid 
cation exchange resins" (claims 22 and 23), "strongly basic anion exchange resins" 
(claims 28 and 29), "weakly acid cation exchange resins" (claims 24 and 25), or "weakly 
basic anion exchange resins" (claim 27), have a clear and well-understood meaning to 
one skilled in the art of chemistry and chemical separation methods. As support. 
Applicants direct the Examiner to the reference UUmann's Encyclopedia of Industrial 
Chemistry, Wiley- VCH Verlag GMBH & Co., "Ion Exchangers", © 2008 (in particular, 
pages 4 and 5 therein accompanying this Response). Accordingly, Applicants 
respectfully request that the foregoing 35 U.S.C. §112, second paragraph rejections be 
withdrawn. 

The Office Action also considers claim 1 to be indefinite for allegedly 
requiring in step (c) the process steps described in step (b), even though step (b) is recited 
as an optional step. However, Applicants consider the grounds of this rejection to be 
factually incorrect since step (c) recites the following: "separation of undissolved from 
said aqueous hydrolyzate obtained in step (a) or when step (b) is performed, fi-om said 
neutralized hydrolyzate obtained in step (b) to obtain a clarified hydrolyzate..." (emphasis 
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added) Applicants thus maintain that claim 1 is definite. Applicants, therefore, 
respectMly request the foregoing 35 U.S.C. §112, second paragraph rejection to be 
withdrawn. 

The Office Action also rejects claims 1, 10, 12 as allegedly indefinite for 
use of the term "controlled". The Office Action also rejects claim 49 as allegedly 
indefinite for use of the term "single-stage". However, as these terms have been removed 
in the instant claim amendments, the foregoing indefiniteness rejections are now moot. 

Claims 1-5, 9-18, 33, 39, 41, 44-48, 51-61, and 71 stand rejected under 35 
U.S.C. § 102(b) as allegedly anticipated by Ingle et al. (Research and Industry, vol. 30, 
pp. 369-373, Dec. 1985). Separately, claims 1-3, 6, 9-18, 20-29, 32, 33, 40, 44-48, 51- 
54, 60, 61, and 71 stand rejected under 35 U.S.C. §102(b) as allegedly anticipated by 
U.S. Patent 6,506,897 to Antila et al. 

However, the subject matter of claim 42 has been incorporated into claim 
1 (the sole independent claim). The subject matter of claim 42 incorporated into claim 1 
fijrther specifies the crystallization step (e) as including boiling crystallization combined 
with cooling crystallization. Step (e) of claim 1 has been fiirther specified beyond the 
recitation of claim 42 by reciting therein that crystallization is accomplished by boiling, 
seeding with seed crystals of arabinose, and continued boiling after seeding, to obtain a 
crystal yield of 1 to 60% on arabinose and a dry soUds content of the crystal mass of over 
60%, followed by cooling to obtain high purity crystals of arabinose. Inasmuch as Claim 
42 is not subject to the foregoing § 102(b) rejections, Applicants assert that the claims, as 
amended, are no longer subject to the foregoing § 102(b) rejections. Thus, this rejection 
is obviated; withdrawal thereof is respectfiiUy requested. 
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Claims 1-5, 9-19, 30, 31, 33, 39, 44-48, 51-61, and 71 stand rejected under 
35 U.S.C. §103(a) as allegedly obvious in view of Ingle et al. combined with U.S. 
Application Pub. No. 2002/0153317 to Heikkila et al. Separately, claims 1-3, 6, 9-19, 
20-33, 40, 44-48, 51-54, 60, 61, and 71 stand rejected under 35 U.S.C. §103(a) as 
allegedly obvious in view of Antila et al. combined with U.S. Application Pub. No. 
2002/01 533 1 7 to Heikkila et al. However, as the subject matter of claim 42 has been 
incorporated into claim 1 (the sole independent claim), and claim 42 is not subject to the 
foregoing § 103(a) rejections, Applicants assert that the claims, as amended, are no longer 
subject to the foregoing § 103(a) rejections. 

Claims 1-5, 9-18, 30, 39, 41-48, 50-61, and 71 stand rejected under 35 
U.S.C. § 103(a) as allegedly obvious in view of Ingle et al. combined with U.S. 
Application Pub. No. 2001/0018544 to Burdet et al. and U.S. Patent 4,835,152 to Korosi 
et al. In making the rejection, the Office Action acknowledges that Ingle et al. does not 
teach the feature of claim 42 (now incorporated into claim 1) that crystals are obtained by 
boiling, cooling, and washing the crystals. In this regard, the Office Action contends that 
these deficiencies are compensated, first by Korosi et al., by the alleged teaching therein 
of obtaining purified crystalline benzodiazepine derivatives by boiling the crude crystals, 
cooling the solution, and washing the resulting crystals (Office Action cites col. 6, lines 
61-64 of Korosi et al. for alleged support). The Office Action further contends that the 
deficiencies found in Ingle et al. are fijrther compensated by the alleged teaching in 
Bxirdet et al. of obtaining crystals of a carotenoid derivative by boiling the carotenoid 
derivative in a reaction mixture, cooling to room temperature to obtain crystals, filtering, 
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and then washing to yield the desired crystals (Office Action cites par. 0195 of Burdet et 
al. for alleged support). 

However, claim 1, as amended, does not simply recite boiling and cooling 
to obtain crystals, as taught in Korosi et al. and Burdet et al. In particular, claim 1, as 
amended, further specifies that crystallization is achieved by seeding the boiling solution 
containing arabinose, and continuing to boil the solution after seeding . Korosi et al. and 
Burdet et al. do not teach or in any way suggest at least the foregoing features of claim 1 
that crystals are obtained by seeding a boiling solution, and continuing to boil the 
solution after seeding . As discussed in page 25, last paragraph of the application as filed, 
the particular boiling-seeding-cooling method of crystallization, as claimed, is 
advantageous over simple boiling and cooling for the reason that an improved crystal size 
distribution and yield of arabinose is achieved. Although compomds that are structurally 
unrelated to arabinose (such as those disclosed in Korosi et al. and Burdet et al.) are 
commonly and effectively crystallized by simple boiling and cooling methods, these 
simple methods are not capable of providing arabinose crystals in the purity and yield 
provided by the crystaUization methodology delineated in step (e) of claim 1, as 
amended. 

Furthermore, in contrast to the aqueous solutions employed in 
crystalhzation of arabinose in accordance with the claimed invention, Korosi et al. and 
Burdet et al. teach completely non-aqueous solutions for achieving their crystallizations. 
For example, in the portion of Korosi et al. relied upon by the Office Action (i.e., col. 6, 
lines 61-64), Korosi et al. teaches suspending the crude product in isopropanol to achieve 
crystallization; and in the portion of Burdet et al. relied upon by the Office Action (i.e., 
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par. 0195), Burdet et al. teaches dissolving the compound to be crystallized in methylene 
chloride, followed by the addition of ethanol. Thus, the combination does not teach, 
disclose or suggest those of aqueous solution to effect crystallization of arabinose as 
claimed. 

Accordingly, Applicants have shown that the claims, as amended, are non- 
obvious, and hence, patentable in view of the combination of Ingle et al, Korosi et al., 
and Burdet et al. Applicants, thus, respectfully request that the 35 U.S.C. §103(a) 
rejection citing these references be withdrawn. 

Claims 1-3, 6, 9-19, 20-29, 32, 33, 40-48, 50-54, 60, 61, and 71 stand 
rejected under 35 U.S.C. §103(a) as allegedly obvious in view of Antila et al. in 
combination Burdet et al. and Korosi et al. In making the rejection, the Office Action 
acknowledges that Antila et al. does not teach the feature of claim 42 (now incorporated 
into claim 1) that crystals are obtained by boiling, cooling, and washing the crystals. In 
this regard, the Office Action contends that these deficiencies are compensated by Burdet 
et al. and Korosi et al., for the same reasons given above in the preceding § 103(a) 
rejection. 

However, in response to the above §103 (a) rejection. Applicants herein 
incorporate the arguments presented above that demonstrate the substantial deficiencies 
in Burdet et al. and Korosi et al. in teaching or suggesting the claimed crystallization 
methodology of step (e). Accordingly, Applicants have demonstrated that the indicated 
claims are non-obvious, and hence, patentable, over Antila et al. in combination with 
Burdet et al. and Korosi et al. Applicants, thus, respectfully request that the foregoing 35 
U.S.C. § 103(a) rejection citing these references be withdrawn. 
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Claims 1-5, 7, 9-18, 33, 39, 41, 44-48, 51-61, and 71 stand rejected under 
35 U.S.C. §103(a) as allegedly obvious in view of Ingle et al. combined with Park et al. 
{Biotechnology Letters, 23: 411-416, 2001). However, as the subject matter of claim 42 
has been incorporated into claim 1 (the sole independent claim), and claim 42 is not 
subject to the foregoing § 103(a) rejections, Applicants assert that the claims, as amended, 
are no longer subject to the foregoing §103(a) rejection. 

Claims 1-3, 6, 7, 9-29, 32, 33, 40-48, 50-54, 60, 61, and 71 stand rejected 
under 35 U.S.C. §103(a) as allegedly obvious in view of Antila et al. combined with Park 
et al. In making the rejection, the Office Action contends that Antila et al. teaches or 
suggests all of the features of the indicated claims, except the features that the hydrolysis 
step is achieved by enzymes (as in claim 1), or that the source of the arabinose is com 
fibers (as in claim 7). In regard to these deficiencies, the Office Action contends that 
Park et al. teaches these features. 

The Office Action acknowledges that Antila et al. does not teach any 
crystallization step. However, regardless of what Park et al. may teach regarding the 
hydrolysis step. Applicants assert that Park et al. does not teach at least the feature of 
claim 1, as amended, that crystalUzation is achieved by boiling, seeding with seed 
crystals of arabinose, continued boiling after seeding, and then cooling, to obtain purified 
crystals of arabinose. On the contrary. Park et al. does not even teach boiling 
crystallization or a seeding step (see page 413, left column, last paragraph of Park et al.) 
More specifically, in the cited portion of Park et al., one is taught a crystallization process 
in which L-arabinose is crystallized from water at room temperature. 
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As the Office Action acknowledges that the primary reference, Antila et 
al, does not teach any such crystallization process, then clearly, the combination of 
Antila et al. and Park et al. can not teach the claimed crystallization process. 
Accordingly, since the combination of Antila et al. and Park et al. fails to teach at least 
one required feature of the instant claims, then the indicated claims are non-obvious over 
the combination of references. Applicants, thus, respectfully request that the foregoing 
35 U.S.C. §103(a) rejection citing these references be withdrawn. 

For all the reasons provided, Applicants consider the claims, as amended, 
to be patentable. Accordingly, allowance of the pending claims is earnestly requested. 

Respectfully submitted, 



Scully, Scott, Murphy, & Presser, P.C. 

400 Garden City Plaza, Suite 300 

Garden City, New York 1 1530 

(516) 742-4343 

Enclosure 

MJC/EG:dk 




21 



H:\work\132\I 7 1 95Z\Amend\l 71 95Z.am2.doc 



I p j j I Exchangers 1 

Ion Exchangers ' / 



Francois Dardel, Rohm and Haas, Paris, France 
Thomas v. Akden, Cobham, Uniced KinEdora 



1. Introduction 2 

2. Structures of lon-E^Kchange 

Resins , 4 

2-1, Polymer Matrices 4 

2J2. Functional Groups 4 

2J2.1. Cation-Exchange Resins 4 

2.2.2. Anion-Exchange Resins 5 

2.2.3. Other Types orion-Exchatige 

Resins 6 

2.3. Adsorbent Resins and Inert 

PoJIyniers 7 

3. Properties 7 

3.1, Degree of Cross-Linking and 
Porosity 7 

3.2, Exchange Capadty 8 

3.3, Stability and Service Life 9 

3>4. Density 12 

3.5, Particle Ske \2 

3.6. Moisture Content 13 

4. Ion-Exchange Reactions 13 

4,1, Cation Exchange 13 

42. Anion Exchange ,.. 14 

4.3, Cation and Anion Exchange in 
Water Treatment 

(see also Phenolic Resins) ... 15 

5. Ion-Exchange Equilibria 15 

5.1, Dissociation and pK Value 15 

5.2, Mono - Monovalent Exchange . 17 
5J, Mono > Divalent Exchange 

(Water Softening) 17 

5.4. General Case 19 

6. Exchange Elnetics 20 

6.1. Principles 20 

6.2. Kinetic Curves 22 

6.3. Strongly Acidic or Strongly Basic 
Resins 23 

6.3.1. Film Diffusion 23 

6.3.2, Particle Dimision 24 

6 A. Weakly Acidic or Weakly Basic 

Resins 24 

7. Practical Consequences of 
Ion-Exchange Equilibrium and 
Kinetics 24 



7.1, Operafhig Capacity, 
Regeneration EfiUdency, and 
Regenerant Usage . . . . , 24 

7.2, Permanent Leaicage 25 

7.3, Water Analysis 26 

7.4, Calculations in Uie Design of 
Ton-Exjchange Plants for Water 
Purilication 28 

7.5, Ejcampic of Calculation 30 

7.5.1. Principle , 30 

7.5.2. Basic Data 30 

7.5.3. Demineralization Unit 31 

7.5.4. Polishing Unil 32 

8, Industrial Use of Ion Exchange . 33 

8.1. Description of the Ion-Exchange 
Cydc 33 

8.2. Methods for Overcoming 
Egallibriom Problems 34 

9, lon'Exchange Resin 
Combinations 37 

9.1, Fretreatment , . , 37 

9.2, Softening 37 

9.3, Demineralization (Primary 

System) 37 

9.4, Polishing 35 

9.5, Choice of Resin 38 

10, Planl Design 41 

10.1, General Considerations 41 

10.2, Fixed-Bed Ion-Exchange Units . 42 

10.2.1. Column Diameter and Bed DepA . 42 

10.2.2. Small-Scale Units 42 

1 0.2.3. Industrial Co- and CounierBoAv 

Plants 42 

10.2.4. Mixed Beds 4« 

10.2.5. Odier Ion-Exchange Polishers ... 49 

10.3, Continuously Circulated 
Ion-Exchange Resins 50 

10.4, External Valves and Pipework , . 51 

10.5, Control Systetans 51 

11- Spedal Processes in Water 

IVeatment 52 

ILL Removal of Organic Matter ... 52 

11.2, 'Kieatment of Potable Water ... 53 

11.3, TVeatment of Brackish Water . . 55 

11.4, Processes Involving Sea Water . . 56 



© 2008 Wiley- VCH Verlag Gmblf & Co. KGaA, Weinhfcirn 
(O.I002/!4356007.al4_393.Dub2 



2 Ion Exchangers 



11.5. IWatment of Condensates .... 57 

1 1. 5.1, Convi>ntionaI Resi'ns 57 

11.5.2. Powdered Resins 58 

11.6. Water IWatment in the Nuclear 
Industry 59 

11.7. Production of IJItrapurc Water 

H Phenolic Resins) 59 

12. Special Applica tlous of Ion 

Exchange 59 

12.1. Processing Steps 61 

12.LL Purification 61 



12.1.2. Ion Subscitution 64 

12.1.3. Recovery and Concentration .... 65 

12.1.4. Separarion 55 

12.1.5. Diffusion 67 

(2,1.6. Cacalyais , . , (jr 

12.1.7. Dehydration 68 

12. 1 .8. Coalescence on Oleophilic Resins 68 

12.1.9. Liquid Ion Exchangers 69 

12.1.10. Ion-Exchange Membranes 69 

I2Jl. Technical Considerations 70 

13. References 72 



Abbreviations and Acronyms: 

BV bed volume 

DG atmospheric degasser 

DM dry matter 

DVB divi'nyibenzenc 
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eq equivalents 

FMA free mineral acidity 

FR flow rate 

IN inert resin 

MHC moisture-hoiding capacity 

R resin 

SAC strongly acidic cation exchanger 

SBA strongly basic anion exchanger 

SBC strongly basic capacity 

TAIk total alicalinity 

TDS total dissolved solid.s 

TH total hardness 
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U.C. uniformity coefficient 

WAG weakly acidic cation exchanger 

WBA weakly basic anion exchanger 

Symbols: 
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K equilibrium constant 
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nents A and B 
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radius of ion-exchange bead 
S salinity, meq/L 
t operating time, h 
V volumeof resin, 



X mole fraction 

a| separation factor between components 

AandB 
7 activity coefficient 
S thickness of Nemst film 



1. Introduction 

Definition and Principles. In ion exchange, 
(ons of a given charge (either cations or anions) 
in a solution are adsorbed on a solid material 
(the ion exchanger) and are replaced by equiva- 
lent quantities of other ions of the same charge 
released by the solid, 

The ion exchanger may be a salt, acid, or base 
in solid form that is insoluble in water but hy- 
drated. Exchange reactions take place in the wa- 
ter retained by the ion exchanger; this is gen- 
erally termed swelling water or gel water. The 
water content of the apparently dry material may 
constitote more than 50 % of its total mass. 

Figure 1 shows the partial structure of a 
eation exchanger; each positive or negative ion 
is surrounded by water molecules. 

Ion exchange forms the basis of a large num- 
ber of chemical processes which can be divided 
into three main categories: substitution, separa- 
tion, and removal of ions. 

1) Suhsdmlon. 

A valuable ion (e.g., copper) can be reco- 
vered from solution and replaced by a worth- 
less one. Similarly, a toxic ion (e.g., cyanide) 
can be removed from solution and replaced 
by a nontoxic ion. 

2) Separation. 

A solution containing a number of differ- 
ent ions passes through a column containing 
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Figure 1. Siniciuw ofa cation oxchanger iha( ejcchangcs H^" for Na+ ions 
Swelling rvmer Is represented in the inset, 



beads of an ion-Bxchange resin. The ions axe 
separated and eniei;ge in order of their in- 
creasing affinity for the resin, 
3) Removal. 

By using a combination of a cation resin (in 
the H+ form) and an anion resin (in the OH~ 
form), all ions are removed and replaced by 
water (H+OH-). The solution is thus dem- 
ineralized. 

Historical Aspects. The discovery of ion ex- 
change dates from the middle of the nineteenth 
century when Thomson [I J and Way [2] no- 
ticed that amraoaiuTTi sulfate was transformed 
into calcium sulfate after percolation through a 
tube filled with soil. 

In 1 905, Cans [3] softened water for the first 
time by passing it through a column of sodium 
aluminosilicate thai could be regenerated with 
sodium chloride solution. In 1935, LreBKNrecHT 
[4] and Sm»t [5] discovered that certain types 
of coal could be sulfonated to give a chemically 
and mechanically stable cation exchanger, In ad- 
dition, Adams and Holmes [6] produced the first 
synthetic cation and anion exchangers by poly- 
condensaii on of phenol wi th formaldehyde and a 
polyamine, respectively. Demineralization then 



became possible. At present, aluminosilicates 
. and phenol - formaldehyde resins are resei-ved 
for speciial applications and sulfonated coal has 
been replaced by sulfonated polystyrene. 

Polystyrene Rcsins.The first polyscyrcnc- 
based resin was invented by d'Alelio in 1944 
(7], Two years later, McBuRNEy produced poly- 
styrene anion-exchangc resins by chiororaethyl- 
ation and amination of the matrix [8], 

The anion exchangers known until Chen were 
weakly basic and took up only strong mineral 
acids. The new resins produced by the McBur- 
ney process were stronger bases and could ad- 
sorb weak acids such as carbon dioxide or sil- 
ica, allowing complete demineralization of wa- 
ter with a purity previously obtainable only by 
multiple distillation in platinum. Even today, ion 
exchange is still the only process capable of pro- 
ducing the water quality needed for high-pres- 
sure boilers. Reverse osmosis and electrodial- 
ysis can demineralize solutions with 50 - 90 % 
efficiency. Only ion exchange can "pohsh" the 
predemineralizcd solution with a demineraliza- 
tion efficiency of 99 - 99,99 % 

Macropofous Resins,Two of the problems 
encountered in the use of ion-exchange resins 
are the fouling of the resin by natural organic 
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acids present in surface waters and the mechan- 
ical stress imposed by plants operating at high 
flow rates. To cope with these, three manufac- 
tureirs [9 - 1 1 ] invented resins with a high degree 
of cross-h'nking but containing artificial open 
pores in the form of channels with diameters 
up to 1.50 nm that can adsorb lai;ge molecules. 
Resins in which the polymer is artificially ex- 
panded by the addition of a nonpolymerizable 
compound thai is soluble in the monomer are 
known as macwporous or macrar&ticular rasins 
(see Section 3.1). Other naturally porous resins 
are known as gel resins. 

Polyacrylic Anion Exchaugers.Bclwiien 
1970 and 1972, a new type of an ion-exchange 
rosin with a polyacrylic matrix appeared on the 
market. This possesses exceptional resistance to 
organic fouling and a very high mechanical sta- 
bility due to the elasticity of the polymer. 

Uniform Size Resins.In the 1 980s and 1 990s, 
several producers deveJoped new manufacturing 
technologies aimed at producing resins with par- 
ticles of almost identical size. 



2. Structures of Ion-Exchange Resins 

An ion exchanger consists of the polymer matrix 
and the functional groups that interact with the 
ions. This article deals only with organic ion ex- 
changers; inorganic ion exchangers are of minor 
importance and are primarily layer silicates and 
zeolites (-> Silicates, Zeolites). 



2,1. Polymer Matrices 

Polystyrene Matrix. (-4 Polystyrene and 
Styrene Copolymers). The polymerization of 
styrene [100-42-5] (vinylbenzene) under the 
influence of a catalyst (usually an organic per- 
oxide) yields linear polystyrene [9003-53-6]. 
Linear polystyrene is a clear moldable plas- 
tic which is soluble in certain solvents (e.g., 
styrene or toluene) and has a well-defined soft- 
ening' point. If a proportion of divinylbenzene 
is mixed with styrene, the resultant polymer 
becomes cross-linked and is then completely 
insoluble. 




Cross-linked polystyrene 



In the manufacture of ion-exchange resins, 
polymerization generally occurs in suspension. 
Monomer drop lets are formed in water and, upon 
complecioti of the polymerization process, be- 
come hard spherical beads of the polymer. 

Polyacrylic Matrix Matrices for ion ex- 
changers can also be obtained by polymeriz- 
ing an aery] ate, a mtthactylate, or an acryloni- 
trile, any of which can be cross-linked with di^ 
vinylbenzene [105-06-6] (DVB) (-> Polyacryl- 
amides and Poly(Aciylic Acids)); Polyacry- 
latcs. 




Cross-linked polynuihsctylaie 



Other Types of Matrix. Other types of ma- 
trix include 

1) Phenol - formaldehyde 

resins (-^ Phenolic Resins) which show in- 
teresting adsorption properties 

2) Polyalkylamine resins, 

obtained from polyamines by condensation 
with epichlorohydrin, which gives an anion 
exchanger directly in a single step. 



2.2. Functional Groups 

2.2.1. Cation-Exchange Resins 

Cation-exchange resins in current use can be 
separated into two classes according to their ac- 
tive groups: 



1) Strongly acidic (sulfonic groups) 

2) Weakly acidic (carboxylic groups) 

Strongly Acidic Catton-Exchauge Resins. 

Chemically inert polystyrene beads are treated 
with concentraccd sulfuric or chlorosulfonic acid 
to give cross-linked polystyrene 3-sulfonic acid. 
This material is the most widely used cation- 
exchange resin and is strongly acidic. 




Crass-Iinkctl polya(yrcne 3-sulfonic a«id 



Examples: Amberlite IR 120. Dowex HCR, 
LcwatitSlOO. 

Weakly Addic Carboxylic Cation- 
Exchange Resins. The weakly acidic resins 
are almost always obtained by hydrolysis of 
poJymechylacrylato or polyacrylonilrile to give 
a poly(acryIic acid) matrix. 




COOH COOH COOtt 



Examples: Amberlite IRC 86, Lewatit CNP. 



2.2.2. AnloU'Exchange Resins 

Polystyrene Materiak. Cross-linked poly- 
styrene beads are treated with chloromelhyl 
methyl ether under anhydrous conditions, with 
either aluminum chloride or tin(IV) chloride as 
catalyst. Chloromethylatcd polystyrene is ob- 
tained: 




In a second stage, die chlorine in the chloro- 
meUiylated group can be replaced by an amine 
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or even by ammonia. Depending on the reac- 
tion .selected, the anion exchanger obtained may 
be strongly lo weakly basic. The degree of ba- 
sicity can be "made to mea-sure" because of the 
large number of amines available. The anion ex- 
changers listed below arc arranged in order of 
decreasing basicity: 

where R can be 

e.g., Amberlin! IRA402 

(lype I r«in) 

eg.. AmberUlE in A'l 1 0 

(iyp6 2resm) 

-CH,N(CH3h e.g., Amberlite mA96 

Resins with quaternary ammonium groups 
are strongly basic. Tho.se with benzyltrimeth- 
ylammonium groups are known as type 1 and 
arc the most strongly basic, whereas those 
with benzyldimethylclhanolammonium groups 
are known as type 2 and are s/ightly less basic. 

Type I resins are used when total removal of 
anions, even those of weak adds (including sil- 
ica), is essential. Type 2 resins are also basic 
enough to remove all anions, but they release 
Che anions more easily during regeneration with 
causlie soda; as a result, they have a high ex- 
change capacity and a belter regeneradon effi- 
ciency (see Section 7. 1 ). Unfortunately, they arc 
chemically less stable and produce greater silica 
leakage than type I resins. 

Resins whose active group is an amine 
are generally denoted as weakly basic, al- 
though dieir basicity may vary considerably. 
Tertiary amines are sometimes called medium- 
base or intcrmcdiate-base resins, whereas pri- 
mary amines are very weakly basic and are rarely 
used. 

The most widely used weakly basic resins 
contain lertiary amino groups and adsorb any 
strong acids present in the solution to be treated 
but do not affect neutral salts or weak acidj;. 

Manufacturers do not always indicate the 
chemical structure of their exchangers in their 
literature. Care should therefoitj be taken not 
to assume that resins are chemically identical 
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merely because they have similar general char- 
acteristics. 

Secondary and Tertiary Cross-Linking. 
During chloromethylation, a side reaction may 
occur in which the chlororaethyl group of a chio- 
romethylated benzene ring reacts with an uncon- 
verted ring, to yield a methylene bridge. These 
bridges form additional cross-links in the poly- 
styrene matrix; 




The amount of this secondary cross-linkiTig 
can be adjusted by varying the conditions (quan- 
tity and type of catalyst, temperature) of ihc 
chloromethylation reaction. Most strongly basic 
and weakly basic polystyrene resins have some 
degree of secondary cross-linking. 

Furthemaore, during the amination of weakly 
basic resins, another type of cross-linking may 
be produced. This is called tertiary cross-linking 
and yields strongly basic quaternary groups in 
addition to the weakly basic tertiary groups. 




Polyacrylic Resins. Polyacrylic reisins are 
manufactured in a manner analogous to thatuscd 
for polystyrene resins. Beads are prepared from 
an acrylic ester copolymerized with divinylben- 
zcne by using suspension pplymcrizalion and 
free-radical catalysis. The poiyacrylate formed 
is then given active groups by reaction widi a 



polyfunctional amine containing at least onepri- 
mary amino group and one secondary or, more 
frequently, tertiary amino group. The primary 
amino group reacts with the polyester to form an 
amide, whereas the secondary or tertiary amino 
group forms the active group of the anion ex- 
changee. This method always yields a weakly 
basic exchanger, which can be further treated 
widi chloromethane or dimethyl sulfate to give 
a quaternary strongly basic resin: 



Tertiaiy amine 
fyreakly basic, e,«,. 
to IRA 67) 



[J amine 
(stroogly baisic, «4j ; 
AmbedilelRA iS3) 

In principle, a wide range of anion-exchange 
resins can be obtained by varying the type of 
ester chosen as the starting material and the 
polyamine used for activation. In practice, die 
range is limited by the availability and cost of 
raw materials. 



Other Types of Jon-Exchange Resins 

By using polymerization and activation methods 
analogous to those described above, a wide va- 
riety of funcrional groups can be grafted onto a 
given polymer. Some of these groups can be used 
for selective uptake of ions, principally metals 
(Table 1). 

The thiol group forms very stable bonds with 
certain metals, particularly mercury. The imin- 
odiacetic, aminophosphonic, and amidoximc 
groups fonn metal complexes whose stability 
depends mainly on the pH of the solution. Se- 
lective adsorption of certain metals can thus 
be achieved by varying the pH. ThCs^e types of 
material are known as chelating or complexing 



